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Expansion, and shrinkage, 54; carbons of, 55; combined carbon changes
to graphite during 3d, 56; crystals take final form during 3d, 56; 1st,
2d, and 3d, 54; is the cause of less shrinkage, 64; silicon increases
the 3d, 57; takes place at definite temperatures, 61, 62, 65; 3d indicates
red-shortness, 65; 3d is when carbon combines before fusion, 62; time
it takes place, 54.

Factor of safety for cast iron, 124, 163.

Feeding castings, 21, 22.

Ferromanganese, 99; cracks when cooling, 99.

Ferrosilicon, 192.

Ferrostatic pressure in mold, 22.

Flask for test-bars, 182.

Fleming, H. S., analysis of Dayton pig iron, 178; phosphide of iron, 66.

FLM pig iron, analysis of, n, 35-

Floating of solid on liquid iron, 20, 63.

Fluid iron, its action in foundry ladle, 21; less dense than solid iron, 21;
phosphorus irons remain so, 81; should be poured dull, 24.

Fluidity, and carbon, 29, 30; and phosphorus, 81; and silicon, 44,

Fluor-spar, melted with gray iron, 83.

Formula for strength, 119, 163; strength of cast iron cannot be calculated
by, 125.

Foundry irons, silicon in, 41.

Fracture, 5; from a notch or cold-shut, 181.    *

Fractures, illustrations of, of aluminum mixtures, 206, 207; of castings, 23;
of chromium in cast iron, 213; of dilutions of carbon, 31/67, 71; of FLM
remelted, 70; of irons used in tests, 35; of- machine and sand cast pig,
132; of phosphorus and F^M, 71; of phosphorus and white iron, 70;
of segregations of American pig, 109; of segregation of stove castings,
109; of segregation of Swedish irons, 108, 109,* of segregations of test-
bars, in, 112; of silicon and FLM, 37; of silicon and white iron, 37; of
silicon il/2% to 3%, 39; of. silicon 2^%, 40; of silicon pig iron, 193,
194; of Spiegel and silicon, 100; of sulphide of iron and F^M, 90; of
sulphide and silicon and FLM, 91; of sulphur and cupola iron, 89; of
sulphur (brimstone) and F^M, 86; of sulphur and white iron, 91; of
Swedish manganese irons, 103; of Tenn. C., L & R.R. Co. pig irons, 169,
197, I99r 200; of white iron remelted, 67.

Fuel, 4; sulphur in, 5, 82.

Fusibility, and carbon, 29; and phosphorus, 66; Truran's rule for, 29.

Galena melted with gray iron, 83.

Gaylord pig-iron analysis, u, 35.

Grain, 7; and aluminum, 207; and phosphorus, 77, 78; darkened and made

coarser by annealing, 139; of phosphide of iron, 77.    (See Fractures.)
Graphic method for approximating silico-n*and shrinkage, 155, 156; strength,

160; to find the silicon in any iron mixture, 157; to find the shrinkage

of any size of casting, 157.